Overweight, risk factors, adolescents Introduction. The pandemic of obesity in adolescents is one of the challenges of public health.
INTRODUCTION
The World Health Organization (WHO) defines adolescents as young people aged 10 to 19 years (1) . Adolescents are usually viewed as a healthy population, since the routine health statistics data in the Republic of Serbia show the lowest rates of morbidity and mortality in this age group, so the health condition analysis is based on the health-oriented approach rather than the disease-oriented approach (2) .
The risk factors referred to in the literature that are responsible for the occurrence of overweight and obesity in children and adolescents are hereditary and developmental factors, social and cultural environment factors, eating habits, the way of managing free time, physical activities and sports participation (3) .
Overweight is caused by an imbalance between energy intake (calories originating from food) and energy expenditure (calories needed for basal metabolism and physical activities). In everyday practice, nutrition level is estimated on the basis of body weight and height and the calculation of the Body Mass Index (BMI). BMI is the most convenient way of measuring relative obesity; it can be easily calculated, relatively cheaply obtained, is highly acceptable by participants, which is particularly important for adolescents who may be reluctant during measuring, and it is correlated with percentage of body fat. BMI is more accurate when measurement is done by a trained person rather than self-reported. There is low observer error, low measurement error and good reliability and validity. However, BMI may not be a sensitive measure of body fat in people who have extreme muscular or disproportional body build or stunting growth. As a result of its advantages compared to other indirect methods, it is commonly used for population surveys (4) .
BMI measure of overweight and obesity in children and adolescents is more complicated than for adults, because an ideal BMI for a child changes as they grow older and it differs between boys and girls. For children and adolescents, aged 2 to 20 years, value of BMI (index) is gender and age specific (4) . Three international references are widely used to assess overweight and obesity in children and adolescents: the International Obesity Task Force (IOTF) criteria, the United States Centers for Disease Control and Prevention (CDC) growth charts and the World Health Organization (WHO) criteria (5) .
The IOTF reference for children and adolescents 2-18 years old was developed in 2005 from a database of 192,727 children from birth to 25 years from six countries. Age and sex specific cut-off points that are extrapolated from the adult BMI cut-offs are 25 kg/m2 and 30 kg/m2 for overweight and obesity respectively. However, it has low sensitivity for diagnosing overweight and obesity compared with the other methods where body fat was taken as the gold standard and does not provide month-specific cut-off points (5) .
The CDC growth reference for children 2-20 years old was issued in 2000 and developed using five national health examination surveys conducted between 1963 and 1994 in the United States of America. This growth reference defines children as at risk of overweight and obesity if their BMI exceeds the 85th and 95th percentiles in most routine assessments. Despite the fact that the CDC system is frequently used internationally, it was designed using only information from the United States with the objective of documenting obesity trends in that country (5) .
The WHO Reference 2007 is a reconstruction of the 1977 National Center for Health Statistics (NCHS)/WHO reference. It uses the original NCHS data set supplemented with data from the WHO child growth standards sample for under-fives. The WHO classification is the only system designed using data from before the obesity epidemic, and it might be the most appropriate for countries where the prevalence of childhood obesity is still relatively low (5) .
However, there is not a clear consensus on which classification system should be used to diagnose overweight and obesity (5) .
The prevalence of overweight children and adolescents is growing around the world in both developed and developing countries. The increase in prevalence of obesity in children is particularly registered in the developed countries of North America and Europe, i.e. it has been 0.5% to 1% per year over the last two decades. Overweight and obesity are found in 20-30% of children and adolescents in the European Region of the WHO. The highest prevalence of overweight or obesity is registered in the countries of Southern Europe (6) .
Given that overweight and obesity in adolescents are maintained into adulthood and associated with morbidity and increased risk of premature mortality from coronary heart disease, atherosclerosis and certain types of malignant disease, WHO indicates obesity as one of the most important public health problems (4) .
The aims of this study were 1) to determine the prevalence of overweight and obesity and 2) to identify risk factors (demographic and socio-economic characteristics, eating habits, the way of managing free time and conducting physical activities) associated with the overweight in adolescents aged 10 to 19 years in the Republic of Serbia.
METHOD

The population included in the research
This research is a cross-sectional study on a sample of 2139 adolescents aged 10 to 19 years. In the research, the database from the «Health Survey of the citizens of the Republic of Serbia» study (without any data for Kosovo and Metohija) from 2006, conducted by the Ministry of Health of the Republic of Serbia, was used. A two-stage stratified sample was used. The main strata in the sample were six geographic regions: Vojvodina, Belgrade, Western Serbia, Central Serbia and Southeastern Serbia. In order to analyze further, each stratum was divided into urban and rural. In the first stage of sampling, 675 EAs (Enumeration Areas) from the Census of 2002 in Serbia were selected on the basis of Pro-bability Proportional Sampling. After updating within each EA, a selection was made that included 10 households and 3 replacement households from the household list, using Simple Random Sampling without Replacement. In this way, 7673 selected households were made a sampling frame and observation units were all members of the selected households. Out of the 7673 households randomly selected for the sample, 6156 were interviewed. The household response rate was 86.5%. In selected households, 2139 adolescents aged 10 to 19 years were identified (7-16).
Instrument
Two types of questionnaires have been used for data collection: face-to-face questionnaire (a version for each child and adolescent aged 7 to 19 years, living in the household) and household questionnaire. Ten questions that were related to demographic characteristics, socioeconomic status, physical activities and dietary habits of adolescents of the 81 questions from a face-to-face questionnaire were used. Socio-economic status was measured by calculating the demographic and health survey wealth index (wealth index) on the basis of answers to 9 questions from the household questionnaire that included 30 questions. The questionnaires correspond to the standard questionnaires used in this type of research (for example, World Health Organization 2002 Health Survey) (17) . The surveys were conducted by trained interviewers. The process of data collection was standardized in order to ensure data quality. Considering that each household was carefully selected, the obligation of the interviewers was to interview all household members (17).
Measuring body height and weight
The trained health care workers, a nurse-technician or physician, measured body height and weight using an altimeter and medical metric scales with decimal numbers. The instructions for the measurement procedure are in accordance with the European Health Risk Monitoring (EHRM) Recommendation for indicators, international collaboration, protocol and manual of operations for chronic disease risk factors surveys. The calibration of the instruments occurred at the beginning and the end of each examining day. The scale was balanced with both sliding weights at zero and the balance bar aligned. The scale was checked using the standardized weights, and calibration was corrected if the error was greater than 0.2 kg. The height rule was checked with standardized rods and corrected if the error was greater than 2 mm (18) . The percentages of adolescents who were not measured were 2.9% for weight and 1.9% for height (17) . Based on these data, BMI was calculated by dividing the body weight (kg) by the body height squared (m 2 ).
CDC growth charts were used to calculate BMI-for-age and sex for the population of children and adolescents. The points of intersection for identifying children and adolescents in relation to nourishment level were recommended. The interval between the 15th and 85th percentiles identifies people with normal body weight, while those with a BMI value higher or equal to the 85th percentile are overweight (between 85 and 95 have a high risk of obesity, and obese are those whose level is higher than or equal to 95) (19) .
Demographic characteristics and socio-economic status of the respondents
The data on demographic characteristics and socio-economic status of the respondents have been separated from the database as independent variables: age, sex, type of settlement, household wealth index -Demographic and Health Survey Wealth Index (Wealth Index), family structure and success in school. The independent variables have been coded as follows: sex (1 -male, 2 -female), age (1from 10 to 13 years old, 2 -14 to 15 years old, 3 -16 to 19 years old), type of settlement (1 -rural, 2 -urban area), family income (1 -poorest, 2 -poorer, 3 -middle class, 4 -richer, 5 -richest), family structure (1-complete, 2-incomplete) and success in school (1 -not attending school, 2 -repeated a grade or sufficient, 3 -good, 4 -very good or excellent). The socio-economic status of adolescents was measured by calculating household wealth index, which was calculated on the basis of the answers to the questions referring to the ownership of various durable goods (the number of bedrooms per household; the materials the floor, roof and walls of the house were made of; the type of water supply and sanitation; the type of heating fuels; owning a color television, cell phone, refrigerator, washing machine, dishwasher, computer, air conditioner, central heating and car). Quintiles were used for a tabular Demographic and Health Survey analysis of wealth index, and the quintiles were based on the household population apportionment (five categories of 20%) (17).
Free time and physical activities of the respondents
The data referring to the manner in which adolescents spend free time and conduct physical activities were gathered based on the responses to the question of how much time daily or weekly they spend watching television, doing homework, sleeping and engaging in physical exercise so that they breathe quickly and become sweaty. The independent variables have been coded as follows: watching television (1 -less than 1 h/day, 2 -1 h to 2 h, 3 -more than 3 h), doing homework (1 -less than 1 h/day, 2 -1 h to 2 h, 3 -more than 3 h/day), the frequency of physical activities that cause them to breathe quickly or become sweaty during a week (1 -almost every day, 2 -3 times a week, 3 -less than 3 times a week), engaging in physical activities that makes you breathe quickly or become sweaty (1 -more than 7 h/week, 2 -from 2 h to 6 h/week, 3 -less than 1 h/week) and sleeping at night on weekdays (1 -less than 4 h, 2 -from 5 h to 8 h, 3-more than 9 h/day).
Eating habits
The data concerning eating habits of adolescents were based on the responses to the question of how many times a week they eat breakfast and how often, during the previous week, they consumed fresh vegetables, fruits, sweets, sweet beverages and snacks. The independent variables were coded as follows: eating breakfast (1 -every day, 2 -sometimes, 3 -never), consumption of vegetables and fruits (1 -6 to 7 times/week, 2 -3 to 5 times/week, 3 -1 to 2 times/week, 4 -none) and consumption of candies or confectionery, sugar -sweetened beverages and snacks (1 -none, 2 -1 to 2 times, 3 -3 to 5 times, 4 -6 to 7 times/ week).
Statistical analysis
For assessing statistical significance of differences in the prevalence of overweight/obesity, a nonparametric test (χ² test) was used. The multiple logistic regression model was used to determine the association of overweight/ obesity with the selected variables (demographic characteristics and socio-economic status, physical activities, the way of managing free time and eating habits). The odds ratio (ORs) with a 95% confidence interval (CI) was adjusted by age and sex for each category.
The statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) ver.15.0 software package, with a minimum significance level of p<0.05. Figure 1 shows the prevalence of overweight and obesity according to the age and sex categories. Nearly one fifth of the adolescents aged 10 to 19 years were overweight, of which 11.3% adolescents were obese. Specifically, 28.9% of boys and 17.0% of girls were overweight, while 14.5% of boys and 8.1% of girls were obese. The prevalence of overweight and obesity significantly decreased with the increase of the age category in males, while it significantly decreased in girls only between the first two age categories. Also, a statistically significant difference in the prevalence between the sexes within the age category of 10 to 13 years and 14 to 15 years was observed, with boys showing a higher prevalence of overweight and obesity than girls. Table 1 shows the association between the selected demographic and socio-economic characteristics of the respondents with the occurrence of overweight and obesity in adolescents. Multivariate logistic regression models showed a significant association of prevalence of overweight (including obesity) with sex and age in adolescents. When observing the association between the selected variables of the physical activities and the way of managing free time with the occurrence of overweight and obesity in adolescents, a statistically significant association of prevalence of overweight (including obesity) with variable of the physical activities lasting less than 7 hours a week, in such a way that you breathe quickly and become sweaty can be noticed. Specifically, the adolescents who spent physical activities less than 7 hours a week (OR = 25.04 or OR = 25.70 for physical activities 2 to 6 hours/a week; OR = 22.93 or OR = 21.35 for physical activities less than 1 hours/a week) were at risk in comparison with those who conducted physical activities more than 7 hours a week ( Table 2) . Table 3 presents the association of the selected variables regarding specific eating habits with the occurrence of overweight and obesity. Specifically, we noted a statistically significant association for only one variable and only after adjusting for age and sex. Namely, the adolescents who skipped breakfast had a significantly higher risk of becoming overweight/obesity compared with those who had breakfast every day.
RESULTS
DISCUSSION
The prevalence of overweight children and adolescents is growing around the world in both developed and developing countries. The results of our study, which showed that 22.0% of adolescents aged 10 to 19 years (26.9% boys and 17.0% girls) were overweight and that 11.3% of them (14.5% boys and 8.1% girls) were obese, indicated that Serbia is among the countries with high prevalence. Specifically, among European countries, the highest prevalence has been found in Southern European countries, particularly in Greece (44.4% boys and 37.7% girls aged 10 to 12 years), Malta (38.9% boys and 30.1% girls aged 10 to 11 years) and Cyprus (37.5% boys and 34.1% girls aged 10 to (20) .This is confirmed by the data of a national study with a sample of 2474 adolescents aged 15 to 16 years (17.1% boys and 15.4% girls were overweight and 6.2% boys and 3.8% girls were obese) (21) . Data from the survey examined excess weight and obesity in a population of Slovenian boys and girls aged seven to eighteen from 1991 to 2011 and revealed that obesity is growing at higher rates than excess weight, as it was almost three times higher among both sexes over just 20 years (overweight boys 13.3% in 1991 vs. 19.9% in 2011; overweight girls 12.0% vs. 17.2%; obese boys 2.7% vs. 7.5%; obese girls 2.1% vs. 5.5%) (22) .
Our data have shown a statistically significant association between age and sex with the overweight. A declining trend in the prevalence of overweight with age is contrary to the survey data in developed countries, where either stable (23, 24) or positive trends (25) have been registered. In contrast, three Brazilian studies have shown the same trend as our study (26) (27) (28) .
A greater prevalence of overweight in boys compared to girls is consistent with the research results (29) (30) (31) (32) , while some studies have found no statistically significant difference when it comes to sexes (33, 34) .
There is a lot of literature that has demonstrated socioeconomic inequalities in obesity among children in both high-and low-income countries -however, the direction of this association differs by economic context (35) (36) (37) (38) (39) (40) (41) (42) (43) . Sobal and Stunkard's review of the literature on the relationship between socioeconomic status and obesity included 144 studies published before 1989 with data on cross-sectional associations between SES and obesity in women, men and children from developed and developing countries. For girls and boys respectively, inverse associations were found in 40 studies, no associations in 35 and positive associations in 25 (42) . Similarly, Shrewsbury and Wardle's review of 45 cross-sectional studies from 1990-2005 from developed and developing countries found that socioeconomic factors were inversely associated with adiposity in 19 studies, there was no association in 12 studies and in 14 studies there was a mixture of no associations and inverse associations across subgroups. Generally, in high-income countries, there is a strong inverse association between socioeconomic factors and obesity, whereas socioeconomic status and obesity are directly associated in low-income countries (43) . A Slovenian national study showed a statistically significant association between high income families and the habit of consuming fresh fruits 1 or more times per day and engaging in physical activities 60 minutes per day, every day of the week (44) . Health Behavior in School-aged Children study 2009/2010 in Slovenia showed that increased prevalence of overweight/obesity was significantly associated with low family affluence for girls and boys (45) . The only study that associated socioeconomic factors with overweight/obesity in Serbia found a connection between high family income and female obesity (46) . Our study did not find a statistically significant association between wealth index and the occurrence of overweight/ obesity in adolescents. Family functioning, which may also be linked to behavioral and psychological factors, has often been the interest of research (47, 48) , while aspects of family structure (single parent families, number of siblings, birth order of child, age of mother at the birth of her child) have only rarely been examined and the results were inconsistent (49) . In this study, the association of the variable referring to family structure with the occurrence of overweight and obesity wasn't found.
Researchers examined school performance as a variable associated with adolescents being overweight. In one review, which examined this association, it found that being or becoming overweight in adolescence was associated with poor school performance (50) . The results of this study didn't find an association.
A large number of cross-sectional studies have investigated the association between eating habits and the occurrence of overweight/obesity. Namely, skipping breakfast is a powerful predictor for the occurrence of overweight/ obesity in adolescents in both developed countries (28, 51, 52) and developing countries (53) (54) (55) . Findings from the review of the prospective studies showed a negative association between breakfast consumption and BMI. In fact, breakfast consumption may be associated with decreased fat and snack intake later in the day, and it may a marker of health behavior of preparing food and eating at the table (56) . Our research confirmed the results of the previously mentioned studies.
Among dietary factors linked with obesity, high-fat and sugar-containing foods have been the most studied. While overconsumption of these foods leads to excessive weight gain and obesity, consuming a diet high in fruits and vegetables protects against obesity.
The choice of beverage deserves special attention as a potential obesity risk factor in children and adolescents. Findings from recent systematic reviews ranged from no evidence to strong evidence for the independent role of the intake of sugar-sweetened beverages in the promotion of weight gain and obesity in children and adolescents (57, 58) . Cross-sectional studies (59) (60) (61) , as well as observational follow-up studies (62) (63) (64) , showed positive associations between intake of sugar-sweetened beverages and overweight/obesity. Although snack foods are generally high in both fat and calories and low in micronutrients or micronutrient density, prospective studies reported that they were not an important independent determinant of weight gain among children and adolescents (63, 65, 66) .
Fruits and vegetables have high water and dietary fiber contents, making them low in energy density. However, a recent review of 23 longitudinal or experimental studies about fruit and vegetable intake and adiposity levels in children (67) showed an unclear relationship among children. Most studies in the review found no association, while only half of the child longitudinal studies found a significant inverse association. In a cross-sectional analysis, lifestyle pattern, including the consumption of vegetables, cooked meals and eating dinner, was negatively associated with obesity (68) . Likewise, the findings of a review of 3 prospective, 10 cross sectional and 1 case control studies do not support a protective association between fruit or vegetable consumption and childhood obesity (69) . Janssen I et al. showed, in a systematic review of a cross-sectional survey of 137,593 youth (10-16 years) from the 34 (primarily European) participating countries of the 2001-2002 Health Behavior in School-Aged Children Study, that overweight status was not associated with the intake of fruits, vegetables and soft drinks (70) .
When considering an association of prevalence of overweight with the consumption of sweets, studies reported frequent consumption of sweets among other lifestyle factors significantly associated with obesity and overweight (27, (71) (72) (73) . However, eating sweets was negatively associated with overweight/obesity in only two cross sectional studies (37, 74) . Our data have shown no statistically significant association between the above-mentioned dietary factors and the overweight.
Lack of physical activity is a known determinant of obesity. Unfortunately, children become less and less active as they reach and progress through adolescence. Rauner A et al., in a review of twelve cross-sectional and two longitudinal studies, found that all studies reported inverse relations between physical fitness or physical activity and overweight. Only four studies analyzed the interaction among physical activity, fitness and overweight in adolescents and reported inconsistent results (75) . One other systematic review of the cross-sectional studies examined the associations of physical activity and sedentary behavior to childhood and adolescent overweight and obesity and reported mixed results (76) . Findings from a review of prospective observational studies published in English between 1990 -2007 reported that physical activity showed more consistent inverse associations with fatness outcomes than for weight status, but the magnitudes of association were modest (56) . Our study has shown a statistically significant association between conducting physical activities less than 7 h a week and the occurrence of overweight/obesity. Several studies have specifically examined the relationship between television viewing and adolescents' risk of overweight. Although some find only weak relationships (77, 78) , several others have found that hours of television viewing were closely associated with increased le-vels of obesity in cross-sectional and prospective studies (79) (80) (81) (82) (83) (84) (85) . This discrepancy may reflect the replacement of television viewing with other forms of inactivity in older children, especially for girls. The results of a prospective study by Gortmaker et al. (86) showed a strong dose-response relationship between hours of television viewing and the prevalence of overweight at the end of the period. Those children who watched more than 5 h of television per day were five times as likely to be overweight than their counterparts who watched 2h or less of television per day. Our research has shown that there is no statistically significant association between overweight and habits of watching television.
The link between pediatric obesity, higher body fat and sleep duration has been widely demonstrated in the literature (87) . In contrast to other sources of inactivity, short sleep duration is associated with excess weight (88) . Interestingly, differences in risk have been shown between boys and girls, with the relationship between sleep and overweight seeming to be stronger among boys (89, 90) . Our research has shown that there is no statistically significant association between overweight and sleep duration.
The limitations of the study are the difficulties in determining the direction of the cause-effect relationship and the fact that the resulting association does not necessarily reflect the association between the exposure and the morbidity risk, which are the main limitations of these studies. These deficiencies can be remedied by performing longitudinal studies, but those studies are expensive, timeconsuming and involve a risk of the respondents dropping out. When it comes to data collection, the observed limitation is biasness in the data provision (older respondents and girls).
CONCLUSION
The prevalence of overweight, including obesity, in Serbia has reached the level of leading Southern European countries. This study showed an association between sex, age, physical inactivity and habit of skipping breakfast with the prevalence of overweight among adolescents in Serbia.
These findings should be an integral part of further preventive interventions, especially those oriented towards younger adolescents, who are physically inactive, have a habit of skipping breakfast and are boys. 
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